Purpose: The purpose of this study was to evaluate the safety profile of intravitreal bevacizumab (Avastin) as an off-label pharmacotherapeutic agent for various ocular conditions. Methods: Retrospective analysis was carried out on 3806 injections of 1761 patients that were administered with intravitreal bevacizumab injection at a tertiary eye care center in India. The injections were administered on a pro re nata basis for various indications such as age-related macular degeneration (AMD), diabetic macular edema (DME), and retinal vein occlusion (RVO). Results: The mean age of the patients was 61.8 ± 11.59 years. A total of 59.2% of the patients were men and 40.8% women. The most common indications for which the injection was administered were DME (27.5%), AMD (26%), and branch RVO (12.3%). Among the ocular side effects, endophthalmitis was seen in three eyes (0.08%), retinal breaks in none of the eyes whereas 35 eyes had a rise in intraocular pressure (IOP) >21 mmHg (0.9%). Preexisting glaucoma was present in four eyes while remaining 31 eyes did not have any history of glaucoma. IOP rise was significantly more in eyes with preexisting glaucoma as compared to nonglaucomatous eyes (P = 0.04). No systemic adverse events were noted in our study population. Conclusion: Our study provides real-world evidence regarding the safety profile of intravitreal bevacizumab (Avastin). These data suggest that bevacizumab is a safe and economical pharmacotherapeutic agent that can be administered for a variety of ocular disorders. Analyzing the safety of bevacizumab is necessary for a developing country like India as the majority of the population cannot afford the costly ranibizumab as compared to bevacizumab for ocular healthcare.
Diabetic macular edema (DME), age-related macular degeneration (AMD), and retinal vein occlusion (RVO) are the major causes of visual impairment and loss of central vision throughout the world. [1] The management of these retinal disorders has been evolving gradually over a period. Intravitreal injections have become a common procedure in this regard, of which the corticosteroid agent triamcinolone acetonide was one of the first agents to be used. However, these agents were associated with multiple ocular side effects such as cataract and glaucoma. This leads to the advent of a novel group of intravitreal pharmacotherapy, the anti-vascular endothelial growth factor (anti-VEGF) agents. Among them, bevacizumab (AVASTIN, Genentech, Inc.,) was the first agent to be used in 2005. Subsequently, multiple anti-VEGF agents such as pegaptanib sodium (Eyestech/OSI Pharmaceuticals, New York, NY, USA), ranibizumab (Lucentis™, Genentech, Inc., South San Francisco, CA, USA and Novartis Pharma AG, Basel, Switzerland), and aflibercept (VEGF-trap eye, Eylea™, Regeneron Pharmaceuticals, Inc., and Bayer Pharma AG, Berlin, Germany) have been developed for the management of various ocular indications such as AMD, DME, and RVO. [2] [3] [4] [5] Typically, the patients with retinal diseases such as AMD and DME require multiple doses of anti-VEGF agents. As the burden of injections is high in many of these retinal pathologies, few pertinent questions still remain regarding the treatment such as (1) the choice of agent, and (2) the economic burden of therapy. Ranibizumab and aflibercept have been approved by the US Food and Drug Administration (FDA) for the management of these retinal diseases. Alternatively, bevacizumab which was designed to inhibit tumor angiogenesis received US-FDA approval for its use in colorectal carcinomas. Subsequently, it gained widespread access as an off-label medication for the treatment of various neovascular disorders. [6] [7] [8] [9] [10] However, as bevacizumab is a chemotherapeutic agent, it is currently available in a 4-mL vial from which multiple doses are used as aliquots for ophthalmic use.
Over the past 5 years, multiple trials that compared ranibizumab with bevacizumab in multiple treatment regimens such as monthly dosing, pro re nata dosing and treat-and-extend dosing were conducted. The results of all these trials, including the IVAN [11] study, CATT [3] trial, MANTA [12] trial, LUCAS [13] trial, and GEFAL [14] trial, have shown that bevacizumab is noninferior to ranibizumab with a similar safety profile. In the American Society of Retina Specialists (ASRS) Preferences and Trends Survey conducted in 2015, which was on the basis of the current body of literature and considering the cost-effectiveness of bevacizumab, 64% of the US retinal physicians used bevacizumab as the first-line treatment for AMD and >80% of the US members treated choroidal neovascularization from histoplasmosis and other non-AMD causes with bevacizumab. The available evidence from the landmark trials along with the preferred practice patterns of retinal physicians evidently support the widespread use of bevacizumab throughout the world. Moreover, the cost of approved agents, including ranibizumab and aflibercept, is significantly higher than bevacizumab.
In 2014, the Italian Competition Authority imposed a fine of €180 million on Novartis and Roche for allegedly striking an alliance to prevent the use of bevacizumab (Roche) in support of the more expensive medication, ranibizumab. [15] One major challenging issue in utilizing bevacizumab for retinal pathologies is its non-FDA approval. Although it is being used extensively as an ocular therapeutic, it definitely has got medico-legal implications. Since it is available in the form of 4-mL vial, multiple doses need to be aliquoted for ophthalmic use. This method has an inherent risk of infection, especially if multiple pricks are performed for aliquoting it. In addition, maintaining cold chain and storage of the vial may affect the viability of the drug. In the USA, there have been incidences of bevacizumab-related endophthalmitis, which has prompted the US-FDA to issue an alert regarding its ocular use. After this incidence, the manufacturing company, Genetech, issued a statement "Avastin is not manufactured or approved and to date has not been proven safe for use in the eye," regarding the off-label use of bevacizumab in the eye. Recently, there was a ban on the ocular use of intravitreal bevacizumab in India after a cluster of incidence of endophthalmitis that emerged from few centers. After much deliberation, the Drug Controller General of India (DGCI) revoked the ban, which paved the way for widespread use of bevacizumab. However, there is a dearth of real-life data regarding the safety profile of bevacizumab in India. To fill this lacuna that is currently based only on the information provided from clinical trials, we aimed to conduct an analysis of suspected adverse drug events associated with the intravitreal bevacizumab.
Methods
It is a retrospective analysis of all eyes that underwent intravitreal bevacizumab therapy from January 2013 to December 2015 at tertiary eye center in India. The electronic medical records (EMRs) of the patients who were administered all intravitreal injections and those who were administered intravitreal bevacizumab were evaluated thoroughly and included in the study. The indications for the intravitreal injections included vitreoretinal pathologies such as AMD, DME, RVO, and nonresolving vitreous hemorrhage (VH). Patients with <1 month of follow-up were excluded from the study. A computerized database was created for all the records, and any ocular or systemic adverse events were noted.
All patients who took intravitreal bevacizumab in the study group and having at least 1 month follow-up were included in the study as the effect of intravitreal bevacizumab is maximum for 1 month. A total of 3806 injections were given in 1761 patients during the study. The patient underwent routine ophthalmic examination including best corrected visual acuity, intraocular pressure (IOP) evaluation by Goldmann applanation tonometry, slit-lamp biomicroscopy, indirect ophthalmoscopy, and spectral domain optical coherence tomography (SD-OCT) (Spectralis HRA + OCT, Heidelberg Engineering, Heidelberg, Germany). For confirmation of diagnoses such as Wet AMD and polypoidal choroidal vasculopathy (PCV) patient underwent digital fluorescein angiography (DFA) and indocyanine green angiography. Patients were evaluated at baseline and postinjection at day 7 and 4 weeks. SD-OCT was repeated at 4 weeks after each injection. ICG and DFA were repeated according to the condition of the disease and at the discretion of treating physician.
The safety outcomes parameter such as endophthalmitis, IOP rise, retinal break, and cataract was included in the study. To the best of our knowledge, there are no clinical reports to investigate the issue of the time course of IOP changes, cataract formation after bevacizumab injection. It is clinically important to understand the effects of bevacizumab short term as well as long term.
Although there is a trend toward an overall favorable systemic safety profile, current data are insufficient to definitively conclude that intravitreal anti-VEGF agents are safe especially bevacizumab. So that's why we have also looked into the systemic events in this study group like cardiovascular or cerebrovascular events.
Since our study was a retrospective analysis of patient data from the electronic records, consent was not obtained. The study was conducted in accordance to the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board.
Injection bevacizumab is stored under recommended conditions and details are checked before aliquoting. Aliquoting of injection is performed by a vitreoretinal fellow under all aseptic precautions using a single 26-G needle prick technique, whereby only the syringes are changed leaving the needle in its place. 0.1 mL of bevacizumab is aliquoted in tuberculin syringe, placed in a sterile cloth and then stored in a sterile tray which is kept in a refrigerator under 2°C-8°C. Guidelines of bevacizumab loading and injection procedure provided in Appendix 1 in detail.
The statistical analysis was performed using the SPSS software 16.0 (IBM, Chicago, Illinois, USA). Fisher's exact test was used in the study to compare the IOP rise among the patients who had preexisting glaucoma and who did not. Statistical significance was assumed at P < 0.05.
Results
The mean age of the study population was 61.8 ± 11.59 years (range: 10-96 years) of which 59% were men and 41% were women.
Of the 1761 patients, 1202 had preexisting diabetes (68.3%), 791 were hypertensive (44.9%), 143 had a history of ischemic heart disease (8.1%), and 12 patients had a history of prior cerebrovascular accident (0.7%) shown in Fig. 1 .
The most common indications for the injection were DME (27.5%) followed by AMD (26%), branch RVO (BRVO) (12.3%), central RVO (CRVO) (10.7%), and VH (10.2%) shown in Fig. 2 and Table 1 .
The mean number of injections were 2.16 ± 1.56, ranging from 1 to a maximum of 15 injections. The maximum numbers of injections were given in PCV (2.95 ± 1.78) followed by AMD (2.84 ± 1.93) and DME (2.29 ± 1.58) as shown in Table 2 .
Out of 1761 patients, preexisting glaucoma was present in 68 patients (4.0%) whereas 1693 (96%) did not have any history of prior glaucoma. Of the 1761 patients, 1589 (90.2%) were phakic, 170 (9.7%) were pseudophakic, and 2 (0.1%) were aphakic.
There were no systemic adverse events noted in our study population. On every visit, the patient's systemic conditions were noted in EMR. Ocular adverse drug reactions (ADRs) noted in the study group that were given injections included three patients who developed endophthalmitis (0.08%), and 35 patients who had IOP rise of >21 mm of Hg (0.9%) as shown in Table 3 . IOP rise was more significantly seen in the patients with preexisting glaucoma (4/68 eyes) as compared with the patients without any history of glaucoma in the past (31/1693 eyes) (P = 0.04) shown in Table 4 . No reports of retinal breaks and cataract development were noted because of the injections.
When we analyzed the correlation of IOP rise with the various disease entities, we found neovascular glaucoma (NVG) and CRVO to be significantly associated with the raised IOP postinjection (P < 0.0001). Also, subjects who have NVG were 9.15 times at a higher risk of developing a rise in IOP compared with the non-NVG patients [ Table 5 ].
We did not find any significant correlation between the number of the injections and occurrence of adverse events such as IOP rise and endophthalmitis [ Tables 6 and 7] .
Discussion
In recent times, with the advent and increasing use of anti-VEGF agents for the intraocular use, there has been a paradigm shift in the management of various medical retinal pathologies including neovascular AMD, diabetic retinopathy, DME, and RVO. Numerous trials conducted worldwide (CATT trial, IVAN trial, GEFAL, MANTA) [3, [11] [12] [13] [14] on thousands of patients have shown intravitreal bevacizumab (Avastin) to be noninferior to ranibizumab (Lucentis) in terms of efficacy and safety. Bevacizumab also has the advantage of reducing the cost of therapy, especially in developing countries where the population's access to resources is limited, and it helps to reduce the financial burden of multiple injections.
In recent times, sporadic episodes of endophthalmitis postintravitreal bevacizumab have created a big debate about the safety of bevacizumab as an off-label medication used in ocular pathologies. Recently, in January 2016, after few cluster episodes of postbevacizumab endophthalmitis emerged in India, the DGCI banned its intraocular use. It was a major setback for the patients from lower socioeconomic strata as they could not afford monthly injections of the more expensive agent such as Lucentis. After various debates, deliberations, and reviews of the compiled reports of the off-label use of bevacizumab worldwide, the Government of India revoked the ban on bevacizumab. Guidelines, meant to be followed religiously at all centers, were formulated by the Vitreo Retinal Society of India for the safe administration of bevacizumab. Subsequently, we carried out a thorough PubMed/MEDLINE search, and it revealed a lack of substantial data on the safety profile of intraocular use of bevacizumab on the Indian population. As one of the major tertiary eye care center in India, we decided to conduct a retrospective analysis on the safety profile of intravitreal bevacizumab procedures performed over the past 3 years at our center, amounting to 3806 injections.
The relative ocular and systemic safety of bevacizumab is still debated. The CATT [11] trial showed comparable safety profiles between bevacizumab and ranibizumab at 2 years. On the contrary, 1 year data from the IVAN [3] study suggested an increased risk of stroke with ranibizumab, whereas no differences were found in the 2-year IVAN [3] report, as well as in GEFAL [14] and MANTA [12] efficacy trials. A retrospective cohort study published in 2010 and conducted on 146,942 Medicare beneficiaries did not show any difference in the risk of mortality, heart attack, stroke, or bleeding among the patients with AMD treated with bevacizumab or ranibizumab. [16] Later, a systematic review of 278 articles by Van Der Reis et al. [17] concluded that the rates of serious ocular and systemic ADRs after anti-VEGF injections used for any ophthalmic indication were low, without any differences in the incidences among the assessed drugs. As a matter of fact, systemic adverse events had lower incidence rates for intravitreal bevacizumab in comparison with ranibizumab.
In contrast, the results of a systematic review [18] investigating the relative safety of bevacizumab and ranibizumab showed a significantly higher rate of ocular and systemic adverse effects with bevacizumab as compared with ranibizumab. It should be noted, however, that most of the patients came from the CATT trial, which was not statistically powerful enough to identify safety differences between the two compounds. In their casecontrol study, Campbell et al. [19] showed that the intravitreal injections of VEGF inhibitors were not associated with significant risks of ischemic stroke, acute myocardial infarction, congestive heart failure, or venous thromboembolism.
In this study, we did not note any systemic adverse event within 1 month of administering intravitreal bevacizumab injection. Many studies evaluating the safety profile of intravitreal injections are not powered to detect systemic Fisher's exact test events, and the current data are insufficient for investigating the incidence of systemic adverse events and associated risk factors. Among those studies evaluating systemic adverse events, many were small, uncontrolled, and retrospective. The incidence of overall systemic adverse events of intravitreal injections varied from 0% to 39.3%. [20] [21] [22] [23] [24] [25] [26] [27] The current data from various studies suggest that intravitreal anti-VEGF agents are overall safe, although this is not conclusive. However, caution should be exerted in the patients with a history of recent cardiovascular disease or stroke as these patients may be at a greater risk for systemic serious adverse events.
According to one report of ASRS, they administered 16,115 doses of anti-VEGF intravitreal injections, 90% of which were bevacizumab. They had only one instance of endophthalmitis after the administration of bevacizumab. Vitreoretinal surgeons in Minnesota administered 46,431 injections in 2014, 56% of which were bevacizumab. They reported an infection rate of 0.01% for bevacizumab compared to 0.02% for Lucentis. At Bascon Palmer Institute in Miami, they administered 119,000 intravitreal injections, 56% of which were bevacizumab. They reported an infection rate of 0.01% for bevacizumab compared to 0.025% for Lucentis and 0.03% for Eylea. In our study, we observed endophthalmitis in only three patients (0.08%) which was comparable to the other studies conducted in the western world. The factors contributing towards such favorable safety profile would include aliquoting and storage of bevacizumab under optimal aseptic precautions, maintaining excellent perioperative sterility, and giving an intravitreal injection under strictly followed aseptic conditions. According to the protocol which has been followed at our institute, we do not use antibiotic before intravitreal injections. Despite not using preinjection antibiotic, the endophthalmitis rate is very low which suggests that it may not be mandatory to use preinjection antibiotics. Of the three patients with endophthalmitis, two responded to intravitreal antibiotics alone whereas one underwent vitrectomy.
In this study, we administered 3806 intravitreal bevacizumab injections in 1761 patients. Of the 3806 injections, the majority was given for DME (27%) followed by AMD (26%) and BRVO (12%), which was different from the western world where AMD is the most common cause for intravitreal injections. The mean number of injections were 2.16 ± 1.56 during a follow-up period of 3 years, with a maximum number of injections in PCV (2.95 ± 1.78) followed by AMD (2.84 ± 1.93). The number of injections is fewer when we compare with the real-world data of patients once they exit from the clinical trials. In the HORIZON [28] trial, patients received a mean of four injections in 2 years after exiting the trial whereas, in the Pan-American study, the patients received a mean of 11 injections over a period of 5 years. Furthermore, in 3.5 years after being released from the CATT trial, the patients received a mean of 4-5 injections per year. However, all these trials were carried out in a developed world where the attrition rate may be lower because of a better patient education and widespread medical insurance coverage. In the real-world scenarios found in the developing nations such as India, the economic burden of monthly injections could be one of the major factors for low mean number of injections.
We identified raised IOP (>21 mm of Hg) in 35 eyes (0.9%). When a detailed evaluation of the patients with raised IOP was done, we found that four of the patients had preexisting glaucoma. This increase in IOP was significantly more in patients with preexisting glaucoma (4/68) as compared with the patients who do not have any history of glaucoma (31/1693 eyes) (P = 0.04). On evaluating the correlation between IOP rise and various disease entities, NVG and CRVO are found to be more significantly associated with raised IOP with P < 0.0001. In addition, the patients with NVG were 9.15 times at a higher risk of developing a rise in IOP compared with the non-NVG patients.
We did a subgroup analysis on the basis of the presence or absence of raised IOP and the occurrence of endophthalmitis and correlated it with the number of injections. We did not find any significant correlation of IOP rise (P = 0.29) or endophthalmitis (P = 0.68) with the number of injections.
In our study, only three patients developed retinal breaks (0.0007%). When we closely analyzed the medical records, we found that all the three patients underwent vitrectomy procedure after the injection for proliferative diabetic retinopathy and subsequently developed retinal breaks. On reviewing the intraoperative noted onto the EMR system, it was found that the retina breaks were iatrogenic during the vitrectomy procedure, and hence not related to the intravitreal injection. Of the 1761 patients in our study, 100 patients subsequently underwent cataract surgery. During our retrospective analysis, we did not notice any incidence of lens touch during the intravitreal procedure. In addition, on a retrospective evaluation of EMR charts, we found that the 100 patients who underwent cataract surgery had preexisting cataract changes.
Conclusion
To summarize, although intravitreal bevacizumab (Avastin) continues to be an off-label therapy used in the treatment of ocular disorders, it remains to be the preferred agent of retinal physicians worldwide. For chronic diseases such as DME and AMD, that require frequent dosing, bevacizumab provides an ideal economical choice of treatment, especially in the developing nations. However, aliquoting of bevacizumab and its potential ocular and systemic adverse reactions continue to remain the limiting factor for its extensive use. Our study, the first of its kind in India, provides real-world evidence regarding the safety profile of intravitreal bevacizumab (Avastin). These data suggest that bevacizumab is a safe and economical pharmacotherapeutic agent that is used for treating a variety of ocular disorders. Favorable outcomes can be achieved by maintaining optimal sterility during the aliquoting step, intravitreal injection procedure, and perioperative care.
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